Tick-borne disease surveillance was conducted monthly at different sites in four southwestern provinces of the Republic of Korea (ROK) from April-October 2013. Three general habitats were surveyed: grasses (grasses and herbaceous and crawling vegetation), forests (pine, larch, deciduous, and mixed), and forests+grasses. A total of 27,029 ticks (1,534 adults; 11,755 nymphs; 13,740 larvae) belonging to three genera and five species were collected. Haemaphysalis longicornis (64.76%; 17,504) was the most commonly collected tick, followed by Haemaphysalis flava (29.22%; 7,899), Ixodes nipponensis (5.83%; 1,575), Amblyomma testudinarium (0.17%; 46), and Haemaphysalis phasiana (0.02%; 5). Overall, adult ticks accounted for only 5.68% of all ticks collected, while nymphs and larvae accounted for 43.49% and 50.83%, respectively. Haemaphysalis longicornis nymphs were commonly collected from April-June, followed by increased numbers of adults from June-August, and large numbers of larvae from August-September, while low numbers of all stages were collected during October. Haemaphysalis flava adults and nymphs were commonly collected from April-June and September-October, while large numbers of larvae were collected from July-August. Although fewer I. nipponensis were collected, seasonal developmental stage patterns followed those of H. flava. Similar proportions of males (47.96%) and females (52.04%) of H. flava were collected. However, the proportion of H. longicornis females (85.83%) collected was significantly higher than for males (14.17%), while the proportion of I. nipponensis males (57.62%) was significantly higher than for females (42.38%). Overall, the mean number of ticks collected/hour of collection was highest for forests+grasses (108.54), followed by grasses (97.28) and forests (66.64).
Introduction
Ticks belonging to the family Ixodidae, or hard ticks, are obligate blood-feeding ectoparasites of all classes of terrestrial vertebrates (mammals, birds, reptiles, and amphibians) and are vectors of emerging infectious diseases that pose veterinary and medical threats worldwide (Parola & Raoult 2001) . Although tick-borne diseases were not reported in the Republic of Korea (ROK) until after 1973 (Chow 1973) , ticks are now recognized as important vectors of a wide range of viral, bacterial, and protozoan pathogens in the ROK (Park et al. 1992 , Shim et al. 1993 , Uchida et al. 1995 , 2008 , Choi, et al. 2005 , 2009 , Kang et al. 2013 . As a result, tick-borne disease surveillance has taken on increasing importance as more pathogens affecting human health are discovered (Cho et al. 1991 , Kee et al. 1994 , Sachar 2000 , Heo et al. 2002 , Jang et al. 2004 , including the presence in 2013 of a novel Bunyavirus, severe fever with thrombocytopenia syndrome virus (SFTSV) [also called Huaiyangshan virus (HYSV) ], that resulted in 35 reported cases with 16 deaths (45.7% mortality) (Zhang et al. 2012 . To address these and other concerns, the U.S. Army Public Health Command Region-Pacific, in collaboration with the 65 th Medical Brigade, Korea, established a tick-borne disease surveillance program using tick drag methods (Chong et al. 2013a ) to identify tick geographical, seasonal, and, development stage distributions , their relative abundance in selected habitats in the southwestern provinces of the ROK where human cases of SFTS were identified , and the prevalence and distribution of tick-borne viruses and other pathogens. This report focuses on the geographical, seasonal, and general habitat distributions of three commonly collected tick species in the ROK, in addition to two species infrequently collected by tick drag.
Materials and methods

Site Description
Ticks were collected monthly by tick drag, as previously described by Chong et al. (2013a) , from three primary habitats in Chungcheongbuk (7 sites), Chungcheongnam (including Daejeon Metropolitan Area) (49 sites), Jeollabuk (40 sites), and Jeollanam (50 sites) provinces, in the southwestern part of the ROK peninsula (Fig. 1) . To increase the number of sites to better define the geographical distribution of ticks and associated pathogens (e.g., SFTSV), collection sites were surveyed only once, except for several sites, including a dairy farm, that were surveyed 2-3 times during the year. Collection sites were located along primary, secondary, and tertiary roads that included a variety of habitats, e.g., road cuts adjacent to forested areas, forested parks, hillsides, and mountains with hiking and animal trails as well as gravesites, grasses and herbaceous vegetation adjacent to farmlands and forested hillsides, and high-elevation areas of grasses, herbaceous vegetation, and forests. Habitats were broadly classified as: (1) grasses [predominately short-tall grasses and/or herbaceous and crawling (e.g., Pueraria montana) vegetation], (2) forests [deciduous (e.g., oaks, chestnuts, and maples), conifer (e.g., groves of pines, larch, and cedar), and mixed forests of planted and naturally seeded (volunteer) trees], and (3) forests+grasses often associated with hillside gravesites tended by families and wide trails with a predominance of trees bordering and often providing various amounts of shade for gravesites covered by grasses and other herbaceous vegetation (Fig. 2) . Gravesites consisted of short-moderately tall grasses that were cut periodically throughout the year or during Chusok (late August/early September) and were often bordered by planted groves of trees or volunteer forests. Hillsides with multiple gravesites consisted of large open areas, often with tombstones/markers, whereas one to several gravesites were often connected to other nearby gravesites by narrow to broad forest trails of cut grasses and shrubs. Forest understory consisted mostly of various amounts of woody shrubs and young volunteer trees, while the ground cover consisted of dead leaves and/or pine needles and patches of grasses and other herbaceous 
Collection Methods
Tick surveys were conducted monthly for 3-5 consecutive days from April-October 2013, months that coincided with the primary tick activity period in the ROK. Collection sites were sampled by 3-4 collectors for a period of 30-90 minutes, depending on the number of specimens collected. If only a few ticks were collected within a 30 min period, or if each collector had collected approximately 100 adults/nymphs, the collections were discontinued. When large numbers of larvae were collected (especially from July-September), collection periods were increased and the number of sites sampled decreased due to the time required to remove larvae from the tick drag. Collections were based on the duration of time at each collection site, rather than the area surveyed, since the primary purpose of the survey was to collect sufficient numbers of ticks (minimum 100 adults/ nymphs/collector) for a more reliable estimate of the distribution of circulating pathogens and also because habitat vegetation over a large area was infrequently uniform. Time is also the unit of measurement used by the VectorMap system (www.vectormap.org), a product of the Walter Reed Biosystematics Unit, Smithsonian Institution, that provides mapped collection data and distribution models for arthropod disease vector species.
In general, Korea lacks large expanses of tick habitat that are suitable for resampling. The relatively small sites visited during this survey would have been depleted of their tick populations if monthly sampling had been conducted. Therefore, collections were made in "similar" habitats throughout several provinces, rather than at a few fixed study sites. And as noted above, all collections were time-rather than area-dependent. As a result, the data reported here, while suitable for determing tick species distribution, can only approximate tick population trends.
Ticks were collected using a tick drag consisting of a 1.0 m wide x 1.5 m long white flannel cloth attached to a wooden dowel (2.0 cm diameter and 1.1 m long) and a nylon rope attached to each end of the dowel as previously described (Chong et al. 2013a) . Briefly, drags were pulled at a slow to moderate walking pace behind the collector over vegetation and ground cover for approximately 10-15 m, followed by inspection of both sides of the drags for ticks. Adults and nymphs were carefully removed from the cloth using a fine forceps, and up to 25 placed live in 2 ml cryovials. Larvae were similarly removed from the tick drag, with up to 100 placed in 2 ml cryovials containing 100% ethanol (EtOH). Following the collection period, all collectors returned to the vehicle where a unique collection number was written on each vial. The unique collection numbers, collectors, habitats, estimated number of ticks/vial, date of collection, collection type, province, county, nearest city, GPS coordinates, elevation, and start and end times of the collecting periods were recorded on field tick collection forms. In addition, meteorological data, including air temperature, heat index, and relative humidity, were measured at ground level for a representative habitat location using a Nielsen-Kellerman Kestrel 4000 (Nielsen-Kellerman, Boothwyn, PA) hand-held unit and recorded on the field collection form. Detailed site descriptions and photos of the collection sites were included as part of the electronic tick collection data forms. After the vials were labeled, they were placed in 4 oz Whirl-Pak® plastic bags (Nasco, Inc. Fort Atkinson, Wisconsin, USA), labeled with the collection site number, and then placed in a Styrofoam cooler with refrigerated gel packs to keep the specimens cool. Field data were entered daily into an electronic database (Microsoft Excel ® ) at the end of each collection day.
Specimen Identification
At the end of each monthly collection, ticks were transported to the 5 th Medical Detachment, United States Army Garrison (USAG) Yongsan, Seoul, Republic of Korea, where they were maintained at -80 o C until identified. Ticks were identified using dissecting stereo-microscopes (x100) and keys developed by Yamaguti et al. (1971) , Saito et al. (1974) , and Robbins & Keirans (1992) . After the ticks were identified, they were placed, by species, habitat, collector, and life stage [adults (1) and nymphs (1-5) and larvae (1-50 in EtOH)] in 2-ml cryovials. Vials were then labeled with a unique identification sub-number and returned to the -80 o C freezer until they were assayed for viral, bacterial, and protozoan pathogens and data entered into the electronic tick collection form. Voucher specimens were provided to Dr. Richard G. Robbins, Armed Forces Pest Management Board, for species confirmation and subsequent deposition in the Peabody Museum of Natural History, Yale University, New Haven, Connecticut, USA.
Data Analysis
Data were entered into an Excel data set and summarized. Overall differences for males and females, by species, were analyzed using Student's t-test. Table 2 ). The number of sites sampled monthly in each province varied as a result of precipitation during the 5-day survey period, travel time to sites, and site sampling duration (e.g., when large numbers of larvae were collected on the drags). Overall for all life stages, H. longicornis was the predominant species collected in Jeollanam (77.08%), Jeollabuk (69.57%), and Chungcheongnam (52.36%), while I. nipponensis was the predominant tick collected in Chungcheongbuk (70.22%). Amblyomma testudinarium (0.02% and 0.78%) and H. phasiana (0.04% and 0.02%) were only collected in Jeollanam and Jeollabuk provinces, respectively.
Results
A
The total duration of collection times (hr) was variable for Chungcheongnam (115 hr), Chungcheongbuk (8 hr), Jeollanam (96 hr), and Jeollabuk (79 hr) provinces (Table 3 ). The overall mean number of adults and nymphs collected was 44.60/hr, while the overall mean number of larvae was 46.11/hr (90.70/hr for all stages). The means for all stages and species of ticks collected per hour in Chungcheongbuk, Chungcheongnam, Jeollanam, and Jeollabuk provinces were 56.25, 91.10, 105.97, and 75.05, respectively (Table 3) .
Collection sites, which were often similar in appearance, resulted in various numbers of ticks collected/hr (Table 4 , Fig. 3 ). Collection times also depended, in part, on the number of ticks that were collected within a 30 min period (e.g., if few ticks were collected within 30 min, collecting was halted).
Seasonal Distribution
The highest monthly proportions of H. longicornis nymphs were collected during April (57.96%), May (14.85%) and June (18.24%), and the lowest proportion during October (0.02%). The proportion of adults increased from April (1.91%) to a high during July (67.27%) and subsequently decreased, with no adults collected during October ( Table 1 ). The monthly proportions of H. longicornis larvae collected from April-June (range 0.5-0.86%) were very low, followed by large increases in August (16.25%) and September (73.75%) and then declining in October (8.01% 
14.50 h (0.50-3.00) Haemaphysalis flava adults (44.85% and 24.85%) and nymphs (36.37% and 30.12%) were more frequently collected during April and May, respectively, decreased to a low in August (0.19% and 1.16%, respectively), and then increased in October (12.04% and 15.78%, respectively) ( Table  1 , Fig. 4) . Haemaphysalis flava larvae were first observed during July (39.45%) and continued to increase in August (54.45%), with low numbers observed during September and October. The proportions of I. nipponensis adults and nymphs were similar to H. flava, with adults and nymphs most frequently collected from April-June (range 18.60-26.36% and 23.35-32.49%, respectively), while most larvae were collected during July (89.91%). However, adult I. nipponensis populations resurged in October and accounted for 28.68% of all I. nipponensis adults collected.
Adult Sex Distributions
The proportions of H. flava males (247) and females (268) (t-value 0.867, df = 87, P-value = 0.194) were similar (Table 5 ). However, significantly more H. longicornis females (539) compared to males (89) were collected (t-value 2.318, df = 76, P-value = 0.012), while significantly more I. nipponensis males (223) compared to females (164) were collected (t-value 2.288, df = 43, P-value = 0.014). 
Discussion
The natural hosts of ticks are wild animals (Heath et al. 1987 , 2009 , 2010a ; however, since they also infest domestic animals (Choe et al. 2011 ) and bite man (Cho et al. 1995 , Ryu et al. 1998 , Chae et al. 2000 , Ko et al. 2002 , Suh et al. 2008 , Kim et al. 2010b , they pose significant veterinary and medical health risks. While tick-host-pathogen relationships are important to understand, collecting ticks from small-large wild animal and bird hosts (Heath et al. 1987 ) is time consuming and can incur excessive manpower and costs (Kim et al. 2010a . Alternatively, various modifications of the tick drag have been used since the 1970s to collect relatively large numbers of unfed and limited numbers of partially fed questing ticks that mirror the actual exposure civilian and military personnel might experience when conducting activities in favorable tick habitats (Gherman et al. 2012 , Chong et al. 2013a . Sequential collection data also can be used to determine tick geographical, seasonal, and life stage distributions, as well as to identify the distributions and prevalence of tick-borne pathogens that impact medical and veterinary health (Shim et al. 993, Park et al. 1992 , 2008 , 2009 , Sames et al. 2008 , Ko et al. 2010 , Chong et al. 2013a , b, Shin et al. 2013 . Tick drag collection sites were selected, in part, to gather data on the distribution of SFTSV, which was first detected in 2013 in a Korean patient that died in 2012 , Park et al. 2014a . Therefore, collection sites were only surveyed once, except for several sites (e.g., a dairy farm and a coastal site) that were surveyed 2-3 times during the year, to provide a better estimate of the distribution of SFTSV in Korea. Also, during September and October, collections focused more on the southern tip of the peninsula, where positive SFTS cases were identified, whereas earlier in the year more collections were made in coastal and inland habitats because the distribution of SFTS patients at that time had not been reported. There was an observed peak in the numbers of H. longicornis larvae collected during the September survey that was similar to the peak numbers observed by Chong et al. (2013a) in northern Gyeonggi and Gangwon provinces near the demilitarized zone (DMZ). Similarities between the two studies indicate that even though the same sites were not surveyed sequentially, there was not a substantial impact on the outcome, demonstrating the seasonality of H. longicornis, H. flava, and I. nipponensis. In addition, our results concerning the seasonality of H. longicornis, H. flava, and I. nipponensis life stages using dragging collection techniques in the southwestern provinces of the ROK were similar to those observed for collections using dragging and flagging techniques in northern Gyeonggi Province near the demilitarized zone (DMZ), even though Chong et al. (2013b) used "area" as a measure of density, while this study used "collection time" as a measure of density. Minor differences were likely due to the variability of habitats sampled and time of month variations (e.g., early or later in the month).
The primary purpose of the tick-borne disease surveillance program is to identify the prevalence of tick-borne pathogens (e.g., SFTSV and spotted fever group Rickettsia), in addition to the habitat distribution of tick species and their stages of development. Thus, when only a few ticks were collected within a 30 min period, collecting was halted. Grass habitats, often with a preponderance of herbaceous and crawling vegetation, were usually limited in nature, as most arable land in the ROK is under agriculture. In addition, grass habitats that were amenable to tick drag collections during the spring/early summer were not surveyed during the later months since overgrowth of tall grasses, herbaceous vegetation and P. montana was frequently >1 m in height, which prevented the effective use of tick drags. As a result, relative tick abundance for many of these areas often could not be evaluated from July-October. Therefore, the numbers of ticks collected during each collection period and collection site were highly variable. Haemaphysalis longicornis was the dominant species collected in all provinces, except for Chungcheongbuk Province where I. nipponensis predominated because of survey bias -only 7 sites were surveyed during a period when high populations of I. nipponensis larvae were collected and reported from other provinces. Haemaphysalis longicornis was most commonly collected from grasses bordering or within forests (e.g., hillside gravesites) and is cited as the primary vector of SFTSV in Korea , Park et al. 2014a . The abundance of H. longicornis in grasses (e.g., pastures and vegetable gardens) likely led to the outbreak of SFTS cases observed during 2013 when this syndrome was first recognized in the ROK, especially among dairy and beef farmers who pastured their cattle 1 . The pasture and grasses adjacent to the covered corral where cattle were kept at one dairy farm were surveyed several times, and large numbers of H. longicornis adults, nymphs, and larvae were collected. The farmer reported being exposed and frequently bitten by ticks while handling cattle during milking operations, and as a result discontinued pasturing cattle in the late summer after confirmed/suspected SFTS cases were reported from nearby farms.
Haemaphysalis longicornis also was commonly associated with grasses surrounding gravesites bordered by forests on moderate to steep hillsides, in mountains, and along cut trails that connect nearby gravesites. Individual gravesites were approximately 10-15 m in diameter and consisted mostly of planted grasses, while sites with multiple graves increased in area corresponding with the number of graves. Prior and during Chusok (late August/early September), family members landscape narrow to broad forest trails leading to the gravesites and the immediate area of the gravesites by cutting the grasses, herbaceous vegetation, shrubs, and volunteer trees. Family members kneel and sit on the grasses, where they are exposed to questing ticks and their associated pathogens. Adult populations of H. longicornis and H. flava were low during this period, while larval populations were peaking and possibly carrying spotted fever group (SFG) Rickettsia spp. and SFTSV that are transmitted through transovarial and transstadial transmission (Treadwell et al. 2000 , Marquez et al. 2008 , Moncayo et al. 2010 , Wang et al. 2015 . In addition, H. longicornis ticks are commonly found in unmanaged grass transition zones bordered by forests adjacent to small vegetable crop farms that are primarily maintained and harvested by hand. Although limited numbers of larvae were collected during October, few adults/nymphs were present, reducing biting risks and potential transmission of pathogens, especially those (e.g., Ehrlichia and Anaplasma spp.) that are not transmitted vertically through transovarial transmission. Thus, agricultural, recreational (hiking) , and military activities on unmanaged lands comprising grasses and forests+grasses during periods when H.longicornis are active expose civilian and military populations to questing ticks, tick bites, and their associated pathogens from early spring to October.
While tick drags infrequently collect fully engorged ticks (in this study, a few of the dragcollected ticks were partially blood fed), evidence suggests that H. longicornis overwinters primarily as unfed nymphs and larvae that were unsuccessful in acquiring a blood meal before the onset of winter. As an example, larvae accounted for 97.52% (6,177) of all H. longicornis collected from all habitats during September, while adults and nymphs only accounted for 0.05% (3) and 2.43% (154), respectively. The following month, larvae that were unsuccessful in finding a host the previous month or newly hatched accounted for 99.7% (671), while nymphs only accounted for 0.30% (2) and no adults were collected. During April of the same year, questing unfed nymphs accounted for 98.32% (4,927) of all H. longicornis collected, while larvae (72) and adults (12) only accounted for 1.44% and 0.24%, respectively. Thus, it may be presumed that larvae that were successful in obtaining a blood meal during September/October molted and overwintered as unfed nymphs, while larvae that were unsuccessful in obtaining a blood meal (larvae not found in clusters from recently oviposited eggs) during the fall overwintered as unfed larvae. In a follow-on study during 2014, ticks were collected as early as March and the observed adults during April may have been the result of nymphs that had blood fed and molted into adults in the late fall of the previous year or the early spring of the same year.
Haemaphysalis flava larvae were first observed in July (1,725; 95.83%) with peak numbers (2,381; 98.83%) observed in August, before declining to low numbers from September (192; 44.65%) to October (75; 12.25%) when adult (11.40% and 10.13%, respectively) and nymphal (43.95% and 77.61%, respectively) populations increased. During the previous spring/early summer (April-June), only nymphs and adults were collected. Therefore, it appears that blood-fed larvae molt during the late fall and overwinter as unfed nymphs, while nymphs and adults overwinter in either unfed or blood-fed condition. Though adults accounted for 12.37-17.42% of all nymphs and adults collected in the early spring/summer (April-June), larvae were not observed until July.
Similarly, I. nipponensis larvae were not observed until July, accounting for 98.34% of all I. nipponensis collected, before declining to very low numbers through October. Conversely, adults accounted for 93.28% of all I. nipponensis collected in October and from 61.02-61.45% of all I. nipponensis collected during the previous spring/early summer (April-June) when no larvae were collected. Similar to H. flava, while a large proportion of I. nipponensis adults were questing for hosts as early as March (weather permitting) during a 2014 survey (unpublished data), larvae were not observed until July.
Haemaphysalis flava is commonly associated with forest habitats and where forests interface with grasses (e.g., gravesites and agriculture), and as families tend to their crops and gravesites prior to Chusok, they are exposed to bites from all stages of ticks and to tick-associated pathogens (e.g., SFG rickettsiae, SFTSV, and Ehrlichia and Anaplasma spp.). Similarly, during Chusok, family members that traverse forest habitats to tend gravesites are exposed to questing H. flava and I. nipponensis ticks. Despite habitat modification of gravesites (caretaking) and narrow to broad trails connecting adjoining gravesites, H. longicornis larvae and H. flava and I. nipponensis nymphs and adults were frequently collected during the week following Chusok.
Male and female disparities were observed for adult H. longicornis, with males making up only 14.17% of the total number of adults collected. Although not confirmed, the high numbers of females may be due to parthenogenesis based on studies by Hoogstraal et al. (1968) , with female populations composed of both parthenogenetic and bisexual populations. The later seasonal adult populations and oviposition may, in part, be due to the detrimental effects of high temperatures (27.5-30 o C) on egg development of parthenogenetic females. The proportion of parthenogenetic and bisexual females, based on cytogenetics, was not investigated.
Historically, H. longicornis has been shown to feed on small mammals as larvae and larger mammals as nymphs and adults (Andrews 1964 , Heath et al. 1987 , Hoogstraal et al. 1968 , Roberts 1970 . A rodent-borne disease survey in the ROK (2004) (2005) (2006) (2007) (2008) resulted in a total of 4,575 ticks collected from 5,953 small mammals (rodents, squirrels, and soricomorphs) (Kim et al. 2010a) . Ixodes nipponensis accounted for the majority of all ticks collected (98.9%; 753 nymphs, 3,771 larvae), followed by Ixodes pomerantzevi Serdyukova (1.1%; 17 adults, 9 nymphs), and H. flava (<0.1%; 1 nymph). No H. longicornis larvae or nymphs were collected, even though surveys were conducted among moderate to tall grass and herbaceous vegetation when peak populations of larvae would have been present. In a follow-on study, a total of 2,235 ticks were collected from 2,505 small mammals from grasses habitats during 2009, where, similarly, I. nipponensis and H. flava accounted for 99.5% and 0.5% of all ticks collected, while no H. longicornis were collected ). Thus, it appears H. longicornis larval and nymphal hosts are moderate to large-sized mammals, while hosts of I. nipponensis larvae are small mammals, with nymphs and adults infesting larger mammals. The low numbers of H. flava may be the result of rodent survey sites consisting primarily of grasses, whereas they are more commonly collected in forests or in grasses bordering forests. High numbers of all H. longicornis life stages were collected in open areas of grasses that bordered agricultural lands, increasing the risks to farmers and family members that tend small gardens of being bitten by H. longicornis and becoming infected with tick-borne pathogens affecting human health.
Haemaphysalis longicornis, H. flava, I. nipponensis, and A. testudinarium have been reported to bite man in the ROK (Cho et al. 1995 , Ryu et al. 1998 , Chae et al. 2000 , Ko et al. 2002 , Suh et al. 2008 , Kim et al. 2010b . There have been more reports of I. nipponensis and A. testudinarium bites, perhaps due to dermatological reactions and a broader range of hosts, including a preference for biting man, even though fewer numbers were collected. As well, A. testudinarium, even in the nymphal stage, is a large tick, easily noticed on human skin, and its bites may be somewhat painful, given the very long mouthparts of amblyommine ticks. By contrast, even adult haemaphysalids are relatively small ticks and easily overlooked, especially as preimagines. On average, approximately 40 tick bites are reported by the Korea Centers for Disease Control and Prevention (KCDC) annually, with many unreported based on the number of SFTS infections identified during 2013 (35) . While H. longicornis is believed to be the primary vector of SFTSV (Yu et al. 2011 , Zhang et al. 2012 ), other tick species, H. flava, I. nipponensis, and A. testudinarium were also reported to be positive for SFTSV (Yun et al. 2014a, b) .
Another concern is the potential for the introduction and spread of tick-borne diseases when ticks and associated pathogens are transported long distances via mammals and migratory birds (Yamaguti et al. 1971) . SFG rickettsiae are likely underreported, since 13.4% and 23.6% of pools of H. flava and H. longicornis assayed during this survey were positive by PCR (R. Takhampunya, unpublished data). In addition, 1.7% and 0.3% and 0.7% of pools of H. flava, H. longicornis and I. nipponensis were positive for Babesia spp. Only H. longicornis was positive for Anaplasma phagocytophilum (0.3%) and Ehrlichia chaffeensis (0.1%). Thus, the full impact of tick-borne diseases in the ROK is not fully understood.
Tick populations are often estimated by the number of sites surveyed. However, as survey times vary, the number of ticks collected/hr of collection, although biased by tick removal time, provides a better estimate of relative densities for the stages of development. For H. flava, H. longicornis, and I. nipponensis, relative adult densities based on the number of sites surveyed overestimated the number of adults collected/hr, while underestimating the number of nymphs and larvae collected/hr. Also, when large numbers of larval ticks were collected, the area surveyed was reduced, due to the time required for the removal of larvae from the tick drag. Thus, as larval populations and time for their removal from the tick drags increase, the actual drag time/distance and potential numbers of nymphs and adults collected is reduced and likely underestimates nymph and adult population densities.
In summary, tick-borne disease risks are underestimated because tick bites often go unreported, with only about 40 reported annually, while there were 35 cases of SFTS during 2013 alone. In addition, only selected tick-borne diseases [Lyme disease and tick-borne encephalitis (TBE), and SFTS viruses] are reportable events by KCDC, limiting our knowledge of the prevalence of many tick-borne diseases present in the ROK. Therefore, comprehensive tick-borne disease surveillance programs should be established to better understand tick geographical, seasonal, and habitat distributions, the life histories of ticks, and the prevalence of associated pathogens (e.g., Rickettsia, Ehrlichia, Anaplasma, and Babesia spp. and TBE and SFTS viruses). Pathogen discovery should be employed to identify previously unknown or new records of pathogens that affect veterinary and human health in the ROK.
